INTRODUCTION
automatic systems to assess the sensorial properties of the soft cheeses and to adjust the 3 process. According to Lemoine (2001) , operator assessment and reasoning still play a major 4 role in the cheese ripening process, especially concerning sensorial property control.
In 5 factories, the cheese-makers may use to instrumental measurements and empirical sensorial 6 perceptions at the same time (Perrot et al., 2004; Picque et al., 2006) . Moreover, Bonaïti et al. MATERIAL AND METHODS 20 Camembert cheese-making and ripening 21 The microorganisms used (Kluyveromyces marxianus, Geotrichum candidum, Penicillium 22 camemberti, and Brevibacterium aurantiacum) and the cheese-making have been described in 23 detail previously by Leclercq-Perlat et al. (2012) . Surface mould soft cheeses (100 cheeses per 24 cheese-making run, each weighing 300 ± 20 g) were manufactured in a sterile environment. The 25 cheeses were aseptically transferred to a previously sterilized ripening chamber. After 24 h at 26 12 °C and 85 ± 1% RH, they were kept at 8, 12 or 16 °C and 88, 92 or 98 % RH, with the same descriptor does not allow cheese-makers to define completely the quality of ripening due to the 1 destruction of cheeses. Indeed, in practice, cheese-makers use another descriptor: the 2 underrind consistency (C UR ) which characterizes the texture of ripened part of cheese as 3 highlighted by Sicard et al. (2011) . The creamy underrind thickness (T UR , mm) was measured 4 with a decimeter with an accuracy of 0.2 mm. The underrind consistency (Picque et al., 2011) 5 varied from dried (score 1) to very runny (score 5). The core hardness, characterizing the 6 texture of the core part, was estimated by the ease with which the cheese was ground with a 7 mortar and pestle. This hardness varied from a very soft (score 1) to very hard (score 5).
8
To simplify the analysis, two characteristic days of ripening were only considered: the wrapping 9 day (on d14) from which the cheeses were marketed and the end of ripening (on d40) 10 corresponded to the end of shelf-life of the cheeses.
11
Experimental design 12 The effects of temperature and RH on the cheese sensory descriptors were examined using a 13 two-factor, three-level complete factorial experimental design (3²) as described by Perlat et al. (2012) . The 9 combinations of temperature and RH are shown in Tables 2 and 3 .
15
The levels of each factor used were 8, 12, and 16 °C for temperature and 88, 92, and 98 % for 16 RH. These levels were chosen according to the range of temperature and RH generally used 17 for Camembert cheese ripening. The 9 combinations of temperature and RH are shown in 18 Tables 2 and 3 (left part). Because the experiment took place over a lengthy period, the runs 19 corresponding to the central point of the experimental design (12°C, 92 % RH) were quintupled 20 (run 6 to 10). The runs under 8°C and 98 % RH (runs 3 and 4) and those under 16°C and 88 % 21 RH (runs 12 and 13) were simply duplicated. The remaining runs were done just once. 23 For the runs made under the same conditions (runs 3 and 4; runs 6 to 10, and runs 12 and 13), 24 sensorial descriptors were compared by a 2 factor (time and trial) analysis of variance 25 (ANOVA). The hypotheses examined were the equality of the trials and the absence of any 26 interactions. This test was significant for the risk α (α = 1 -p(F obs <F crit )) ≤ 0.01). To control the 27 equality of trials, the test power (1-β), representing the risk of a false interpretation, was determined according to Mann and Whitney's method (Cohen, 1992) . This power risk must be 1 higher than 0.9 to consider that the interpretation of this test is accurate. 
22

Statistical analyses
RESULTS AND DISCUSSION
11
Whatever the run, on d0, P. camemberti appearance (absence of visual mycelium), overall odor 12 (fresh cheese) and rind color (white) scored 1. Core hardness scored 3 (medium). For these 13 descriptors, the standard deviations were less than 0.2. The underrind was non-existent.
14
Description of ripening under 12°C and 92 % RH 15
Statistical run reproducibility. 16 The reproducibility of cheese ripening descriptors was studied for runs 6 to 10 carried out under 17 RH 92% and 12°C ( Table 2 ). The hypotheses of equality of the means were greatly satisfactory
18
(1 -α = 0.99 and the test power (1-β) = 0.94). Although the run period had lasted for three 19 years, the runs carried out in the same conditions were statistically identical.
20
The time (t PCm in d), for which the first mycelia were observed in the rind or edge of cheeses, 21 defined the growth of P. camemberti mycelium and the appearance of P. camemberti (noted 22 N PC ) covering was defined as mycelium density and uniformity. Whatever the central point runs 23 (6 to 10), the P. camemberti mycelia became visible on d5. From d14 to d40, all the cheeses 24 were covered with a dense and white thick mycelium, giving the highest notation (Table 2) .
25
On d14, the overall odor and the rind color were, respectively, "camembert" and cream while on d40, the core hardness was medium and the underrind consistency was qualified to soft. The 1 underrind thickness (T UR) was close to 3.3 mm on d14 and formed all the cheese thickness on 2 d40 (Table 3) . For the 5 runs carried out under the standard ripening, all the descriptors were 3 statistically identical with 99 % confidence levels.
4
Influence of temperature and RH on ripening descriptors 5 The scores of ripening descriptors are reported in Table 2 for P. camemberti appearance and 6 Table 3 for the other descriptors.
7
Appearance of Penicillium camemberti 8 From the descriptors previously defined (t PCm and N PC ), t PCm was independent to RH and only 9 related to temperature ( Table 2) . On d14, the appearance of P. camemberti mycelium (N PC14 ) 10 was a function of temperature (linear and quadratic terms), RH (linear term) and temperature 11 and RH (interactive term), and on d40 (N PC40 ) it was related to temperature and RH (linear and 12 quadratic terms) ( Table 4 ). The three-dimensional response surfaces of appearance of (Table 4 ). The fig. 1E shows 4 the importance of quadratic terms on the color on d14 while the fig. 1F shows that on 40 the 5 color uniformly increased with temperature and RH (linear effects).
6
The rind color depends directly on production of pigments by Brevibacterium species (Dufossé 7 et al., 2001) . At 8°C whatever the RH or at 12°C and 88 % RH, a delay to the yeast installation 8 and growths (Leclercq-Perlat et al., 2012) and P. camemberti mycelium was observed as shown 9 by t PCm (Table 2 ). These main consequences were a delay to rind deacidification and to 10 B. aurantiacum growth (Leclercq-Perlat et al., 2012) . Indeed, on d40, these authors showed that these authors have shown that temperature had a more important effect than RH for different 26 proteolysis levels. T UR,14 (in mm) was related to temperature (linear term) and temperature and 27 and the temperature effect was stronger at higher RH ( Fig. 2A) .
1
On d40, at 8°C whatever the RH, the underrind thickness (T UR,40 in mm) reached around one-2 third of cheese thickness (Table 3) Underrind consistency and core hardness 13 Underrind consistency (C UR ). On d14 or d40 at 8 °C and 88 % RH (run 1) the underrind was 14 very dried (Table 3) . Whatever the temperature under 88 % RH the score of underrind 15 consistency was lower than the ones obtained for the two other RH. Only the central points 16 (runs 6 to 10) had a soft and creamy underrind typical of a Camembert cheese (Table 3) .
17
Whatever the RH at 16°C the cheeses did not have an underrind consistency acceptable 18 because the underrind had runny edges (88 % RH) or completely runny (92 and 98 % RH). The 19 underrind consistency which showed almost linear increases along the temperature and RH 20 axes in the considered range (prevailing linear effects without interaction), confirmed the 21 influences of temperature and RH an d14, (Fig. 2C) as well as on d40 (Fig. 2D) . Moreover, the temperature effect was relatively stronger, especially on d14. Whatever the ripening time, the 23 underrind consistency was correlated with temperature and RH (linear terms).
24
Core hardness. On d14 under 88 % RH the core was hard (at 8°C) or very hard (at 12 °C or 25 16 °C) ( On d14, the core hardness was a function of temperature (individual term) and RH (interactive 2 term) ( Fig. 2E) . This descriptor reached a minimum for a temperature that depended on the RH 3 (interaction): it was around 13°C for 98 % RH and around 11°C for 88% RH as shown in fig. 1K .
4
Core hardness decreased with RH increase and the RH effect was slightly stronger for higher 5 temperatures. On d40, it was impossible to determine a relation between core hardness and the 6 ripening conditions because all the cheese was ripened.
7
The underrind consistency and the core hardness are two descriptors drawing the texture of 8 cheeses. The cheese texture mainly depends on its pH, the entirety of caseins and lipids, and 9 the moisture (Lawrence et al. 1987) . Indeed, whatever the ripening conditions, the pH of 10 underrind was close to the one of rind (Leclercq-Perlat et al., 2012) . This can be explained by 11 the lactate and ammonium concentration gradients which exist between the core and the rind 12 (Leclercq-Perlat et al., 2004a; Vassal et al., 1986) . The cheese pH is also defined by the 13 production of microbial enzymes and theirs activities (Ramet, 2000) . Moreover, whatever the 14 temperature under 88 % RH, there was no soft and creamy underrind due to 1) an excessive 15 drying of cheese, 2) a delay of K. marxianus and G. candidum growths, 3) a lower growth of 16 P. camemberti and B. aurantiacum (Leclercq-Perlat et al., 2012 , 2013 , and 4) lower enzymatic 17 activities as shown by overall rind odor. Indeed, at 16°C and 92 % RH and under 98 % RH at 12 18 or 16 °C, the cheese underrind was completely runny, noticed an over-ripening. With the rapid 19 increase of pH and its consequence on the texture, the underrind "liquefaction" can be 20 explained by the casein breakdown and enzymatic activities associated due to a better and swift 21 microorganism growths (Leclercq-Perlat et al., 2012; 2013) . Indeed, the hydrolyze reactions
22 which take place in cheese involve the water fixation and in a cheese core, the breakdown 23 products of caseins are largely water soluble and proteolytic activities in cheese is mainly 24 determined by the level of moisture, temperature of ripening, and changes in pH throughout the 25 ripening (Ramet, 2000; Lawrence et al., 1987) . Moreover, the changes in underrind consistency 26 can be explained by enzymatic activities of surface ripening flora though the enzymes remained 27 near their production place, i.e. the rind (Noomen, 1983) . K. marxianus has only an endocellular variable in relation to conditions of the ripening. Whatever the temperature under 88 % RH, the 1 water cheese mass losses and the DM of the core were the highest (Leclercq-Perlat et al., 2 2012). Under the same RH, the water mass loss increased from 54 % at 8 °C (88 % RH) and 3 68 % at 16 °C (92 or 98 % RH) when the temperature increased from 8°C to 16°C. This showed 4 cheese moisture importance and, by consequence, the importance of RH on core hardness. Because of all cheeses were wrapped with the same film and ripened under wrapping in the 8 same conditions, the conditions of ripening in room govern the Camembert-type cheeses 9 happening during their wrapping.
In this work, the cheese properties assessed by cheese 10 ripening experts were highly dependent on temperature and relative humidity used throughout 11 the ripening. All sensorial descriptor changes (rind odor and color, underrind thickness, 12 underrind consistency, and core harness) can be explained by microorganism growth, pH, 13 carbon substrate diffusion and assimilation, cheese moisture as well as microbial enzymatic 14 activities. All these factors were also linked to temperature and RH used throughout the 15 ripening. Under 88% RH at 8°C, on d40, all sensorial descriptors scored the worst by the 16 assessors: the cheese was too dry, its odor and its color were similar to the ones of the cheeses 17 defectively ripened, the underrind was the driest, and the core was the hardest. On the contrary, 18 under 98 % RH at 16 °C, the odor and the color of the cheeses were ammonia and dark brown, 19 the underrind represented all the thickness of the cheeses but it was completely runny. These 20 descriptors noticed an over-ripened cheese. As previously shown for microbial and 21 physicochemical kinetic descriptors (Leclercq-Perlat et al. 2012) , the best ripening conditions to 22 obtain an optimum between sensorial qualities and cheese ripening properties appear to be 23 13 °C and 94 % RH. Such a study will provide main elements 1) to develop a mechanistic 24 model allowing monitoring the Camembert-type cheese ripening process in relation to the 25 ripening conditions, 2) to slow down or to accelerate the ripening process in relation to market 26 demand and, 3) to correct some flaws. H core NS N PC , appearance notation of Penicillium camemberti. Overall rind cheese odor varied from fresh cheese (score 1) to ammoniac (score 5).
The cheese color under the P. camemberti coating varied from white (score 1) to dark brown (score 5). The cheese core hardness (Hard core ) was estimated by the ease with which the cheese could be ground with a mortar and pestle: from very soft (score 1) to very hard (score 5). T UR , underrind thickness (mm). The underrind consistency (C UR ) varied from a dried (score 1) to a very runny underrind (score 5). NS, none significant.
14 for d14, 40 for d40 and core for the cheese core.
Figure 1:
Estimated response surface plots of ripening descriptors as a function of temperature (θ, °C) and RH (%). A) PC appearance notation on d14; B) PC appearance notation on d40; C) Odor on d14; D) Odor on d40; E) Color on d14;FA) Color on d40. 
